Most cases of cervical cancer are the result of infection with specific high-risk types of human papillomavirus (HPV). Investigating the genetic basis of the host immune response, particularly cytokine function, could help further characterize the progression of cervical HPV infection into neoplasia. Prior studies have demonstrated a correlation between genetic variants of tumor necrosis factor alpha (TNF-α, TNF gene) and/or interleukin-10 (IL-10, IL10 gene) and cervical cancer susceptibility. However, some of the results have been contradictory. We sought to resolve these discrepancies by carrying out our study in a large cohort of Chinese women. In order to assess the association of TNF and IL10 genotypes with cervical cancer susceptibility, the polymorphisms in TNF (-238 G/A, -308 G/A) and IL10 (-592 C/A, -819 C/T, -1082 A/G) were genotyped and odds ratios for the genotype and allele frequencies between cervical cancer patients and healthy controls were calculated. Also, the functional relevance of these polymorphisms was evaluated using enzyme-linked immunosorbent assays (ELISAs) and in vitro lymphocyte proliferation assays. The TNF-238 AA genotype frequency was lower in patients than in controls (p < 0.05). TNF-308 AA, IL10-592 CA/AA, and IL10-819 CC/CT genotype frequencies were higher in cervical cancer patients than in controls (p < 0.05). The frequency of the TNF-238 A allele was significantly lower in patients, while the frequency of the -308 A allele was significantly higher (p < 0.05). No significant differences between patients and controls were found in the genotype or allele frequencies of IL10-1082 A/G (p > 0.05). Furthermore, the combinations of TNF-238 GA or GG and IL10-592 CC; TNF-238 GA or GG and IL10-592 CA or AA; TNF-308 AA and IL10-592 CC; and TNF-308 AA and IL10-592 CA or AA in cervical cancer patients were statistically significant (p < 0.0167). Upon stimulation with PHA, peripheral blood mononuclear cells (PBMCs) with the TNF-308AA genotype exhibited significantly higher proliferation rates, elevated IL-4, TGF-β levels, and lower IL-2 levels (p < 0.05). For IL10-592C/A, the AA and CA genotypes were significantly associated with higher proliferation rates, elevated IL-4 and IL-10 levels (p < 0.05). We also found that for TNF-308 G/A or IL10-592 C/A variants, the combination of TNF-308 GG or GA with IL10 CA or AA had an association with the severity of cervical cancer. Taken together, these results suggest that TNF-308 AA and IL10-592 CA/AA genotypes may increase susceptibility to cervical cancer by altering the immune response of an individual.
Introduction
Persistent infection with oncogenic human papillomaviruses (HPVs) is the most common cause of cervical cancer, the second most prevalent cancer in women throughout the world [1] . Only a fraction of women infected with HPV develops cancer of the cervix, and there is a period of latency between the primary infection and detectable neoplasia. This pattern of disease progression suggests that the host immune response, including cell-mediated immunity (CMI) regulated by cytokines produced by T helper (Th) cells, monocytes and macrophages, is involved in cervical carcinogenesis [2] . Indeed, differences in genetic susceptibility and immune responses have been found to increase the incidence of HPV-associated lesions and thus, cervical cancer [3] .
Cytokines play an important role in immune defense against HPV infections by modulating viral replication and altering the Th1/Th2 polarization [4] . A predominance of Th1 polarization, with production https://doi.org/10.1016/j.intimp.2018.11.015 Received 18 August 2018; Received in revised form 9 November 2018; Accepted 10 November 2018 of interleukin (IL)-2 and interferon-gamma (IFN-γ), has been associated with clearance of HPV and regression of squamous intraepithelial lesions (SIL). In addition, tumor necrosis factor alpha (TNF-α) is also known to have antiviral properties [5, 6] . By contrast, immuno-inhibitory cytokines such as IL-10 and TGF-β are associated with a Th2/ Th3 response and can lead to the persistence of HPV and progression to SIL by suppressing CMI [7] . Thus, investigating genetic factors that affect the immune response of the host could help explain why some infections persist and cause malignancy. Several studies have demonstrated that polymorphisms in cytokine genes can affect the immune response to HPV infection, thereby possibly modifying susceptibility to cervical cancer [8] . Among them, TNF-α and IL-10 are of particular interest, as the genes for these cytokines are located in the central major histocompatibility complex (MHC).
TNF-α, secreted mainly by activated macrophages, plays a critical role in immune homeostasis, inflammation, and host defense [9] . Multiple polymorphisms in the TNF gene have been found to be associated with susceptibility to many cancers, including those of the stomach, breast, prostate, and lung. [10] [11] [12] [13] . One of the most common polymorphisms occurs in a putative repressor site located in a 25 bp stretch that includes position -238. A G to A substitution here can affect TNF-α levels [14] . The other common polymorphism is a G to A substitution at position -308 in the promoter of TNF and this SNP might also have an effect on TNF-α levels [15] . Accordingly, it is reasonable to assume that the TNF-238G/A and -308G/A SNPs may have an impact on the progression of cervical cancer. Although the association of TNF-238G/A and -308G/A polymorphisms with cervical cancer has been widely studied, the results are still inconclusive or contradictory [16, 17] .
IL-10 is a Th2-type cytokine with anti-inflammatory properties that dampens the immune response in multiple ways [18] . IL-10 is produced by activated lymphocytes, monocytes, and fibroblasts [18] . IL-10 potently inhibits T cell proliferation and production of Th1 cytokines. As a strong immunosuppressive cytokine, the biological significance of IL-10 production by tumor cells remains unclear. Studies have shown that the capacity for IL-10 production is influenced by genetic makeup [19] and have proposed IL-10 as a risk gene for cervical cancer [20] . The IL10 gene is located on chromosome 1, and several SNPs have been identified in prior work [21] . The production of IL-10 is regulated at the transcriptional level and may vary with differences in the genetic composition of the IL10 locus [22, 23] . Numerous recent studies have demonstrated an association between cervical cancer and several IL10 SNPs (-592 C/G, -819 C/T and -1082 G/A) [24] . However, the results have been somewhat contradictory, possibly due to limited sample sizes or differences between ethnic groups. Therefore, our objective was to investigate the distribution of TNF (-238 G/A, -308 G/A) and IL10 (-592 C/G, -819 C/T and -1082 G/A) SNPs and their relationship to cervical cancer in a large cohort of Chinese women. In the present study, we functionally characterized the effects of these SNPs by measuring serum cytokine levels of the patients and controls. Additionally, we performed analyses of T-cell proliferation and cytokine production using PBMCs from healthy controls with diverse TNF and IL10 genotypes.
Materials and methods

Study subjects
A total of 522 Chinese women with cervical cancer were enrolled from March 2014 to July 2017 at the Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital (Table 1) . Diagnosis of cervical cancer was determined by histopathological examinations according to the International Federation of Gynecology and Obstetrics (FIGO). Meanwhile, 550 healthy women were selected as controls from the medical examination center of the same hospital within the same period. The selection criteria for the control group were as follows: no history of cancer or cervical intraepithelial neoplasia, negative HPV test, and normal examination (within the past two years) and cytology of the cervix. Information about tobacco smoking and menopausal status was obtained as part of the patient history. All participants indicated informed consent in writing for study participation and blood collection.
DNA extraction and genotyping
Genomic DNA from peripheral leukocytes of all subjects was extracted using a genomic DNA Extraction Kit (Qiagen, Germany). a, Other type includes 20 cases of adenosquamous carcinoma, 2 cases of neuroendocrine tumours, and 3 cases of undifferentiated carcinoma.
Isolation and culturing of PBMCs
Peripheral blood mononuclear cells (PBMCs) of healthy controls were isolated from heparinized venous blood by centrifugation using the Ficoll-Hypaque gradient method. The PBMCs were washed with PBS, resuspended in RPMI 1640 medium supplemented with 10% fetal bovine serum (Sigma, St. Louis, MO), and incubated with or without 25 μg/ml phytohemagglutinin (PHA; Sigma) for 6 h.
Cell proliferation assay
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was performed to quantify cell proliferation. 5 × 10 3 PBMCs were plated in each well of a 96-well plate. Lymphocytes were or were not stimulated with PHA for 6 h, and then 20 μl of the MTT reagent (5 mg/ml) was added to each well. After another 4 h of incubation at 37°C, the medium was discarded, and 150 μl DMSO was added. Absorbance values were measured at 570 nm using a microplate reader from BIO-RAD (Hercules, CA). Proliferation assays were done in triplicate.
ELISAs
Cytokine levels were assessed in serum samples and PBMC culture supernatants using enzyme-linked immunosorbent assays (R&D, Minneapolis, MN, USA). Each cytokine was measured according to the manufacturer's instructions. In brief, 200 μl of standard, control or samples were added and incubated at room temperature for 2 h. After four washes with washing buffer, 200 μl of cytokine conjugate per well was then added. After 2 h of incubation at room temperature, the plate was washed, and 200 μl of substrate solution was added for color development. Optical densities (OD) were measured, and the results were recorded in pg/ml.
Statistical analysis
All data are expressed as means ± standard deviation. The χ 2 test was used to determine whether the distribution of genotypes in patients and controls was in Hardy-Weinberg equilibrium. The χ 2 test was also used to evaluate differences in age and smoking status between patients and controls. The reference variant was the homozygous form of the most common allele. Student's t-test or one-way analysis of variance was used to determine differences in lymphocyte proliferation and cytokine concentrations between the different genotypes. SPSS software (version 14.0; SPSS, Chicago, IL, USA) was used to calculate odds ratios (OR) and 95% confidence intervals (95% CI). For statistical significance, α = 0.05 unless multiple comparisons were made, in which case Bonferroni's correction was applied.
Results
Participant demographics
Characteristics of the two groups are shown in Table 1 . Among the patients with cervical cancer, 81.4% were HPV positive, and all of these were confirmed to have a single infection. No statistical differences were found between patients and controls in terms of age, smoking status, pregnancy and menopausal status (p = 0.836, p = 0.166, p = 0.317, and p = 0.832). HPV genotype was determined for all those who tested positive: 60.1% were positive for HPV type 16, 11.4% for HPV type 18, and 9.9% for other HPV types (2.5% positive for HPV type 31, 2.6% for HPV type 58, 1.7% for HPV type 45, 1.7% for HPV type 52, and 1.4% for HPV type 69). The FIGO (1988) cervical cancer staging system was used to categorize the severity of the disease found in each patient (Table 1) .
Prevalence of TNF polymorphisms in cervical cancer patients
The genotype and allele distributions of TNF polymorphisms in patients with cervical cancer and controls are shown in Table 2 . The CI:1.066-1.711), p = 0.013.
Prevalence of IL10 polymorphisms in cervical cancer patients
IL10-592 C/A, -819 C/T, -1082 A/G genotypes were in HardyWeinberg equilibrium in both groups (p > 0.05). Compared with controls, the genotypes CA and AA in -592 C/A were positively associated with the case group (Table 3) ; respective ORs were 1.210 (95% CI: 1.008-1.452), p = 0.04 (marginally significant after Bonferroni correction), and 1.403 (95% CI: 1.063-1.852), p = 0.017 in the codominant model. In the dominant model, the combination of CA and AA remained positively associated with cervical cancer, with an OR of 1.247 (95% CI, 1.048-1.483), p = 0.013. For alleles, a marginally positive association was found for the A allele, with an OR of 1.182 (95% CI, 0.991-1.409), p = 0.063. For −819C/T, we found that the CT SNP was associated with cervical cancer in the codominant model, with an OR of 1.290 (95% CI: 1.055-1.577), p = 0.013. The combination of CC and CT was significant in the dominant model, with an OR of 1.239 (95% CI: 1.023-1.501). No significant differences between patients and healthy controls were found in the genotype or allele frequencies for −1082 A/G (p > 0.05).
Prevalence of TNF and IL10 polymorphism combinations in cervical cancer patients
Combinations of TNF and IL10 genotypes were analyzed in order to determine whether their interactions had an additive effect on their association with cervical cancer (Table 4) . Statistically significant models with the strongest positive odds ratios from Tables 2 and 3 were used in the calculations. For the combination of TNF-238 G/A with IL10-592 C/A, the TNF-238 GA or GG and IL10-592 CC; and TNF-238 GA or GG and IL10-592 CA or AA were positively associated with cervical cancer. Respective ORs were 2.527 (95% CI: 1.543-4.138), p < 0.01, and 2.658 (95% CI: 1.638-4.313), p < 0.01. For TNF-308 G/A with IL10-592 C/A, compared with controls, the frequency of combinations of TNF-308 AA and IL10-592 CC and TNF-308 AA and IL10-592 CA or AA in cervical cancer patients were of statistical significance (p < 0.0167).
Association of TNF and IL10 polymorphisms with serum cytokine levels
Serum cytokine values of patients and controls were analyzed and compared using the same models from above. The TNF-238 G/A, -308 G/A and IL10-592 C/A genotypes had no associations with serum TNF-α, IL-10, IL-2, IL-4, or TGF-β levels in the controls (all p > 0.05; Table 5 ). However, for the case group, the AA genotype in TNF-238 was significantly associated with an increase in the serum IL-2 level (p = 0.026) and a decrease in serum IL-10 (p < 0.01), IL-4 (p = 0.040), and TGF-β (p = 0.033) levels compared to GG and GA genotypes. The AA genotype of −308 was associated with increases in serum TNF-α (p = 0.046), IL-10 (p = 0.006), and TGF-β (p = 0.048) and a decrease in IL-2 (p = 0.021) levels compared to GA and GG genotypes. Also, the CA and AA genotypes of -592C/A of IL10 were significantly associated with increases in serum IL-10 (p < 0.01) and IL-4 (p = 0.019) levels compared to the CC genotype. Together, these results demonstrate that TNF-α-238 GG/GA and -308 AA genotypes are associated with cervical cancer. A possible mechanism is a decrease in circulating Th1-type cytokines and a concomitant increase in Th2/Th3-type cytokines. Similarly, IL10-592 CA/AA genotypes are associated with cervical cancer and with the same pattern of elevated Th2-type cytokine levels.
Effects of different TNF and IL10 genotypes on T-cell proliferation and cytokine levels
PHA was used to stimulate PBMCs with different TNF (-238 G/A, Table 5 Associations of TNF and IL10 polymorphisms with cytokine levels in cervical cancer patients and controls. All values are given in pg/ml. For −238 G/A, the difference between AA and GA + GG was calculated. For −308 G/A, the difference between AA and GA + GG was calculated. For −592 C/A, the difference between CC and CA + AA was calculated.
-308 G/A) or IL10 (-592 C/A) genotypes. Then, the MTT assay was used to assess T cell proliferation (Fig. 1) , while cytokine levels (TNF-α, IL-10, IL-2, IL-4, and TGF-β) in the cell culture supernatants were measured using ELISAs (Fig. 2) . We observed that T cells were functionally activated after stimulation with PHA. MTT assays revealed that PBMCs with the TNF-308 AA or IL10-592 CA/AA genotypes had significantly higher rates of cell proliferation after PHA stimulation (p < 0.05). Analysis of TNF-α, IL-10, IL-2, IL-4, and TGF-β levels in cell culture supernatants showed that PBMCs with TNF-308 AA produced significantly less IL-2 but more IL-4 and TGF-β (p < 0.05). Similarly, for IL10-592 C/A, the presence of the AA/CA genotypes was associated with significantly higher IL-10 and IL-4 levels (p < 0.05). These findings mirror what is seen in the serum and clearly indicate that TNF-308 AA and IL10-592CA/AA genotypes have significant effects on T-cell proliferation and cytokine production.
Association of TNF and IL10 genotypes with clinicopathologic stages of cervical cancer
The stages of our 522 patients in the study were: 
Table 6
Genotype frequencies of TNF and IL10 in cervical cancer patients with different clinicopathologic stages of disease. IL10-592 C/A, TNF-308 GG or GA with IL10 CA or AA was associated with the clinicopathologic stages of cervical cancer. However, for the combinations of TNF-238 G/A with IL10-592 C/A, no significant associations were found.
Discussion
Cervical cancer is regarded as a preventable disease because there is usually a long period during which lesions are precancerous [2] . Identifying additional risk factors that influence disease progression may help in prevention of this cancer [25] . It is widely accepted that HPV and smoking are the primary causes of virtually all cases of cervical intraepithelial neoplasia (CIN), although genetics play a crucial role as well [26] . This study aims to explore whether TNF-α and/or IL-10 polymorphisms can influence susceptibility to cervical cancer. If the association between TNF and/or IL 10 gene SNPs and cervical cancer susceptibility can be better understood, it may contribute to our understanding of host control of HPV infection.
TNF-α is a well-established driver of inflammation that may promote the growth and progression of cancer [27] . The two most commonly studied SNPs are in the promoter region of TNF, two G versus A transitions at positions −238 and −308; these have been shown to influence the expression of TNF-α [28, 29] . A large number of studies have investigated the associations of TNF-238 G/A and/or -308G/A variants with cervical cancer risk, but results are contradictory [30, 31] . Our data showed that -238 GG/GA and -308 AA genotypes in TNF were associated with increased cervical cancer risk. These findings are consistent with some previous reports but not with others [32, 33] . Relatively small sample sizes (and therefore, low statistical power), racial and ethnic differences, and publication bias may partly explain these inconsistencies.
Polymorphisms in IL10, another immunomodulatory gene, have also been implicated in cervical cancer [34] . In our study, three variants (-592 C/A, -819 C/T, -1082 A/G) in the promoter of IL10 were investigated to find potential associations with cervical cancer. The results showed that −592 AA and CA genotypes were significantly associated with cervical cancer; this is consistent with previous studies [35] . We also found that the −819 CC and CT genotypes were associated with a modest increase in the odds of developing cervical cancer. No significant differences were found in the genotype or allele frequencies between the −1082 A/G variants and risk of cervical cancer.
Furthermore, in order to determine whether the presence of these SNPs had an additive effect on their association with cervical cancer, association of combinations of TNF and IL10 genotypes with cervical cancer were analyzed. The results showed that combinations of TNF-238 GA or GG and IL10-592 CC; TNF-238 GA or GG and IL10-592 CA or AA; TNF-308 AA and IL10-592 CC; and TNF-308 AA and IL10-592 CA or AA were strongly associated with risk of cervical cancer (p < 0.0167). The increase in the odds ratios compared to the single SNPs alone suggests that there may be an additive effect of having high-risk genotypes at multiple loci.
We next wanted to characterize the functional consequences of these polymorphisms. Since cytokines play a significant role in the polarization of T cells [36] , we investigated the association of TNF (-238 G/A, -308 G/A) and IL10-592C/A polymorphisms with proliferation and cytokine secretion in T cells. To the best of our knowledge, there have been no other studies done on the association of these SNPs with T-cell activity. For the proliferation assay, PBMCs carrying the TNF-308 AA or IL10-592 CA/AA genotypes showed significantly higher rates of T-cell proliferation. Because T lymphocytes play a major role in the surveillance of cancer cells, it is possible that the TNF-308 GG/GA or IL10-592 CC genotypes negatively regulate T-cell activation, which might confer increased susceptibility to cervical cancer. However, this finding contradicts the results above, warranting further investigation of the role of T cell proliferation in cervical cancer progression. In addition, as a major source of TNFα, the effect of monocytes on cervical cancer cannot be neglected and should be investigated in future work.
Several recent studies have reported a predominance of Th2-type cytokines in association with a diminished Th1 cytokine profile in cervical cancer patients. An impaired cell-mediated immune response due to the effect of immune suppressor cytokines such as IL-10 and TGF-β might be involved in the progression of cervical cancer. Our analyses showed that cytokine profiles in vitro were consistent with serum cytokine profiles in cervical cancer patients. Furthermore, the TNF-308 AA and IL10-592 AA/CA genotypes had strong associations with lower IL-2 (Th1-type cytokine), as well as higher IL-4, IL-10 (Th2-type cytokines) and TGF-β (Th3-type cytokine) levels. This Th2/Th3 pattern of cytokine expression suggests that HPV infection may induce immunosuppressive cytokines such as IL-10 and TGF-β as a means to escape the host immune system. This shift from Th1 to Th2/Th3 might facilitate cancer progression by allowing tumor cells to evade normal immune surveillance [37] . Additionally, the current study provides evidence that TNF-308 G/A and IL10-592C/A variants have associations with the severity of cervical cancer.
In conclusion, identifying host genetic factors that may facilitate the development of cervical cancer is very important, as it may aid in the development of effective preventive and treatment measures against HPV-related diseases. Our study demonstrated that TNF-308 G/A and IL10-592 C/A SNPs can affect cervical cancer susceptibility. Investigation of HPV type-specific and histological type-specific associations with TNF-308 G/A and IL10-592 C/A SNPs may further elucidate the relationship between the host immune response and HPV infection in cervical cancer.
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